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ABSTRACT 



A system for measuring unsteady pressures in flow fields 
employing a remote transducer and thin plastic pressure transmitting 
lines has been designed and built. 

The static and dynamic characteristics of the system were 
determined experimentally, and the results were found to agree well 
with a theoretical model. 

The measuring system was subsequently integrated into a two- 
dimensional wind tunnel model consisting of a symmetrical airfoil with 
a plain oscillating flap. The flap was harmonically oscillated, and 
the measuring system was used to determine both the steady and unsteady 
pressures at a point near the flap hinge line. The static and dynamic 
results were then compared to those obtained using thin airfoil theory 
and found to agree well when corrected for thickness effects. 
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CHAPTER I 



INTRODUCTION 

There is a clear need for a practical and inexpensive tech- 
nique to measure unsteady pressures on experimental models. The 
character of the pressures being measured may be either well defined 
and harmonic, as might be found on an oscillating airfoil, or random 
natured as found in the separated flow region of flow about a bluff 
body. Although progress has been made in the fabrication of small 
light weight transducers which may be installed directly in a model, 
the problem remains of accounting for the model dynamic effects on 
the transducer response. Two other factors limit the use of this 
type of system: space limitations, such as those encountered when 

working with a thin airfoil, and the important factor of cost. 

It is a commonly accepted technique to use long thin pressure 
leads to connect a static orifice to a centrally located pressure 
sensing instrument such as a manometer board, a micromanometer, or 
an electrical pressure transducer for the purpose of measuring average 
pressure. Although it is apparently not well known in this country, 
a suitably sized pressure lead used in conjunction with a properly 
selected transducer cavity volume will also provide adequate dynamic 
response traits so as to be useful for measuring unsteady pressure. 

Bergh [1] at the National Aeronautical and Astronautical 
Research Institute (N.L.R.) in Amsterdam, Holland, has demonstrated 
a technique that employs long thin pressure leads for the measure- 
ment of unsteady pressures. He has presented measurements of the 
in-phase and out-of-phase pressure distributions on harmonically 
oscillating Tee-tail configurations in' a' sub-sonic wind tunnel. The 
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technique employs multiple pressure leads, having identical dynamic 
traits, consecutively sampled in a scanning valve arrangement by a 
single pressure transducer system. Similar methods' have been employed 
by Laschka [2] on a moving rigid model at the Entwicklungsrings Sud in 
Munich,' Germany, with good agreement between theory and experiment. 
Although employed in European laboratories, this technique has appar- 
ently not been used to any extent in this country. 

It was the purpose' of the investigation described herein to 
confirm the' results of Bergh [l,3] by direct frequency response 
measurements upon a home built pressure' measuring system and then 
apply the technique of measurement to a typical unsteady flow environ- 
ment. For the latter purpose, a two-dimensional airfoil model with 
an oscillating plain flap was designed and instrumented with pressure 
orifices just ahead of the hinge line. The results obtained experi- 
mentally are then compared to those obtained using' thin airfoil theory. 

Because of a concern for using the technique in environments 
other than harmonic flow, the indicial response traits of the system 
have also been determined. 
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CHAPTER II 



EXPERIMENTAL EQUIPMENT AND PROCEDURES 
I. EQUIPMENT 

General 

The work described here was conducted in the Dynamics 
Laboratory and the 3.5 foot by 5.0 foot wind tunnel of the Naval 
Postgraduate School's Aeronautical Engineering Laboratories. 

The dynamics laboratory provided the work area for construc- 
tion and calibration of the locally prepared pressure pickups. The 
wind tunnel provided a place to demonstrate the pressure measuring 
method on a practical model, in this case, a two-dimensional flapped 
airfoil . 

Pressure Transducers 

The pressure pickups employed in the study described here 
were fabricated from a local design shown in Figure 1. The transducer 
assembly consisted of a Bentley Nevada Corporation Model D-252 Distance 
Detector system, a brass sensing head holder and a 0.003 inch thick 
annealed brass diaphragm. The Distance Detector system was composed 
of a D-252 Distance Detector, a 15 volt direct current regulated power 
supply and a H- 1 -022-4 sensing head. 

The distance detector system is a reluctance gage which senses 
changes in reluctance produced by changes in air gap between the sensing 
head coil face and the surface of a conducting material. Brass was 
chosen as the diaphragm material in this case due to its availability 
and ease of fabrication. Other materials which could equally well 
have been used as a reference include gold, silver, platinum, copper 
and aluminum. 
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The annealed brass diaphragm was press formed, cut to size 
and sweat soldered to the face of the brass sensing head holder. 

Brass was selected for the sensing head holder in order to reduce 
differential expansion effects caused by thermal changes. After the 
diaphragm was attached to the holder, the sensing head was inserted 
in the holder as may be seen in Figures 1 and 2‘which show the pres- 
sure transducer. 

During the initial stages of transducer construction a dia- 
phragm thickness of 0.003 inches was chosen. The choice of diaphragm 
thickness was based upon the need for a high sensitivity in the pres- 
sure range, referred to ambient, of plus or minus 1.0 pound per square 
inch (p.s.i.). The transducer constructed for use here is similar to 
one used by Schmidt [4] in an investigation of fluctuating air loads. 

Calibration Chamber and Transducer Holders 

The calibration chamber was designed to determine the static 
and dynamic characteristics of the pressure transducer systems. It 
was constructed of an aluminum block 4 inches long with a 1.5 inch 
diameter cylindrical chamber in the center and is shown in Figure 3. 
The chamber had both ends faced and counter bored to accept either a 
transducer or an adapter plate used to connect the chamber to a pres- 
sure line.' Two additional openings were provided in the calibration 
chamber: one to accept an acoustical driver unit, in this case a 

University Sound ID-75 Driver Unit, and the other a pressure port to 
enable the mean static pressure in the chamber to be varied. The 
acoustic driver unit was. placed at the midpoint of the acoustic cavity 
length so that unsteady pressure pulses could be introduced symmetri- 
cally into the cavity. 
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FIGURE 2 PRESSURE TRANSDUCER 
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Acoustical Driver Unit Opening 
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FIGURE 3 SECTIONAL DRAWING OF THE TRANSDUCER CALIBRATION CHAMBER 



